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Introduction. The long-term impact of Beta Blockers (BB) on prognosis in patients treated with contemporary therapies for CAD (Coronary Artery Disease) remains to be defined.
Methods. All observational studies evaluating the impact of BB in patients treated with coronary revascularization and contemporary therapies and adjusted with multivariate analysis were included. All cause death was the primary end point, while MACE (a composite end point of all cause death or myocardial infarction, MI) and myocardial infarction were secondary endpoints. Subgroup analysis were performed for clinical presentation and EF (Ejection Fraction).
Results: 24 studies were included, with 863,335 patients (610,476 were on BB, while 252,859 were not). After 3 (1-4.3) years, long-term risk of all cause death was lower in patients on BB (Odds Ratio [OR] 0.69 [0.66-0.72]), both for ACS (OR 0.60 [0.56-0.65]), and stable angina patients (0.84 [0.78-0.91]) and independently from EF (OR 0.64 [0.42-0.98] for reduced EF and OR 0.79 [0.69-0.91] for preserved EF). The risk of long-term MACE was lower but not significant for ACS patients treated with BB (OR 0.83 [0.69-1.00]), as in stable angina. Similarly, risk of MI did not differ between patients treated with and without BB. (OR 0.99 [0.89-1.09], all CI 95%). Using meta-regression analysis, the benefit of BB was increased for those with longer follow-up. The number needed to treat (NNT) was 52 to avoid 1 event of all cause death for ACS patients and 111 for stable patients.






Beta blockers (BB) represent a cornerstone for the treatment of CAD (Coronary Artery Disease). Their protective effect is based on the negative inotropic and chronotropic features, which have been tested in a large number of randomized controlled trials, both in patients with myocardial infarction and in those with stable angina, demonstrating a reduction of adverse cardiovascular events, a relief of symptoms and of myocardial ischemia. (1-3)
The evidence on their clinical benefits derives mostly from studies in patients not treated with percutaneous coronary interventions (PCI) (4) and with routine medical therapy. Current treatments with drug eluting stents (DES) and anti-thrombotic drugs have improved the natural history of coronary artery disease (CAD) (5-8). 
With these therapeutic choices, the usefulness and benefit of BB have recently been questioned. Some randomized controlled trials showed an increased risk of in hospital cardiogenic shock and other analyses did not demonstrate any benefit of early BB administration in the setting of acute phase of AMI. Moreover, an observational analysis of the REACH registry in patients with and without a prior history of AMI found that BBs use was not associated with lower incidence of cardiovascular events. (9,10)









The present research was elaborated according to current guidelines, including the recent Preferred Reporting Items for Systematic reviews and Meta-Analyses amendment to the Quality of Reporting of Meta-analyses statement and recommendations from The Cochrane Collaboration and Meta-analysis of Observational Studies in Epidemiology  (9-13)
Search and inclusion criteria.
Three authors, independently from each other (FDA, MP, DE) searched Pubmed, Cochrane and Google Scholar for the following terms: “myocardial infarction” and “coronary artery disease” and  “beta blocker”. All papers were independently reviewed, with disagreements resolved by consensus.  Inclusion criteria were (i) human studies, (ii) studies evaluating therapy with BBS in patients treated with percutaneous or surgical revascularization and with contemporary therapies (iii) follow-up longer than one year, (iv) with multivariate adjustement In the case of duplicate reporting, the manuscript with the largest sample of patients was selected. 
Data abstraction.
The following data were independently abstracted by 3 authors (FDA; MP, DE) on pre-specified electronic forms: authors, journal, year of publication, location of the study group, baseline features (in particular age, risk factors, kind of coronary revascularization and of therapy). The corresponding authors of the relevant studies were queried for required quantitative details not in the published manuscripts. 
End points.
All cause death was the primary end point, while MACE (a composite end point of all cause death or myocardial infarction) and myocardial infarction the secondary ones. Meta-regression for all cause death was performed for age, hypertension, diabetes mellitus and length of follow up. Subgroup analysis were performed for clinical presentation (ACS vs. stable) and for ejection fraction (preserved vs. reduced defines as more or less than 40%).
Quality study evaluation.
The quality of included studies was independently appraised by 3 reviewers (FDA, MP, DE), with disagreements resolved by consensus. Design of the study (multicenter or not), area of enrollement and kind of multivariate analysis were collected.
Statistical analysis.









	A total of 1171 records were identified, of which 24 studies were finally included after screening and full-text assessment (see Figure number 1). All studies were observational, particularly 16 were prospective and 11 were multicenter (see appendix web only).
863,335 patients were included, 816,893 (94,6%) undergoing PCI for stable angina. Of the total patients 610,476 (70,7%) were on BB therapy, while 3252,859 (29,3%) were not. Most of the patients were male, with a high prevalence of cardiovascular risk factors, from 22% to 41% of them presenting with diabetes mellitus. (see table number 1). Regarding revascularization, most of them (90%: 85-94) were treated with PCI. At follow up aspirin was assumed by 95% (90-96), clopidogrel by 23 (17-28), statin by 76 (74-84) and Ace inhibitor/Angiotensin receptor blocker in 67 (65-80).
	After 3 (1-4.3) years, long-term risk of all cause death (see Figure number 2), was lower in BB patients (OR 0.69 [0.66-0.72]). This reduction was consistent both in ACS (OR 0.60 [0.56-0.65]), and in stable angina patients (OR 0.84 [0.78-0.91]). Using meta-regression analysis (see table number 2), age, hypertension and diabetes mellitus did not impact on this benefit, which was more relevant for those with the longer follow up (see figure number 3 and Table number 2). When evaluating EF, benefit of BBS was reported in those with reduced EF (OR 0.64 [0.42-0.98]) and preserved (OR 0.79 [0.69-0.91]). When evaluating only studies with propensity score, number needed to treat (NNT) was 55 to avoid 1 event of all cause death for ACS patients, 111 for stable patients and 71 overall (see figure number 4)
	The risk of the long-term MACE, was lower in the patients treated with BBs (OR 0.83 [0.67-1.07]) without reaching statistical significance for ACS patients. Similarly, BB did not reduce MACE in stable angina patients (OR 1.03 [0.83-1-28]). The merged data show a significant reduction of long-term occurrence MACE in the patients treated with BB compared with patients without (0.88 [0.78-1.00]) (for further details see Figure number 5).























The present study is the first to appraise the impact of BB in patients treated with coronary revascularization and contemporary therapies. The main results are as follows:
a)	BB reduce death after 2.5 years of follow up (1-5 years)
b)	This benefit is irrespective of clinical presentation, being consistent both for ACS subgroup and in the stable angina subgroup. 
c)	The reduction was significant both for patients with and without reduced EF.
d)	This reduction was more evident for patients with longer follow-up
For decades, BB have represented the cornerstone of therapy for CAD, although some limitations about therapeutic adherence in real life and impact in patients treated with revascularization and updated therapies have been recently reported (14). BB by prolonging the diastolic filling time and decreasing vascular resistance in non-ischemic areas increase coronary perfusion of the ischemic areas and improves the contractility of viable but hibernating myocardial regions. Moreover, the prevention of myocardial wall stress might also contribute to the prevention of myocardial rupture (15,16). The first demonstration for a reduction of mortality offered by propranol dates back to 1965, and since then a large number of randomized controlled trials and meta-analysis have confirmed this benefit (17,18). It should be remembered, however, that these studies have been performed before the introduction of reperfusion and revascularization strategies, which may potentially offset their benefit. Finally adherence to BB in real life was described as low, being about 58% after 5 years of follow up, lower than other drugs like statins probably due to their side effects (19). Consequently, especially after the analysis of the REACH registry, usefulness of BB therapy have been largely questioned (4,10).
In the present paper, BB reduced mortality in CAD patients treated with PCI, irrespective of clinical presentation. This benefit was probably related to the decrease of sympathetic activation, which represents a common pathway for stable and not stable CAD (20,21). This activation, especially at mid- and long-term follow-up, decreases the ventricular fibrillation threshold, resulting in increased propensity for sudden cardiac death and ventricular arrhythmias (VA). For example in a recent observational study of Di Marco at al. CTO (Chronic Total Occlusion) was reported as an independent predictor of VA and sudden cardiac death (22). Furthermore there is evidence that the absence of BB therapy is one of the most important predictors of appropriate ICD interventions (23–27), stressing the protective role of BB. Moreover, inhibition of sympathetic activation reduces ventricular remodeling leading to prevention of heart failure (28,29). Consequently BB reduce mortality through the prevention or reduction of negative contractile and electrical remodeling.	
The increase of benefit using BB at long-term follow-up for a reduction of death may impact the management of these patients, as their protective role irrespective of EF. It should be remembered that about 20% of subsequent coronary adverse events that occur after a first episode of ACS are related to non-culprit plaque, consequently not treated with revascularization, as described recently in the PROSPECT (30). Moreover plaque stabilization or regression (31) has been related to a decrease in subsequent MI but not in death. Indeed, benefit of BB may be more important at longer follow-up, perhaps by preventing and reducing ischemic and arrhythmic events related to plaque progression or abrupt instabilization of coronary atherosclerosis (7). Similarly, the benefit of BBs was independent from EF. While their protective role in patients with Heart Failure has largely been described, irrespective of etiology (29), the benefit in patients with preserved left ventricle function as been questioned. In the present analysis, BBs reduced mortality both for patients with reduced or preserved, due to their protective effect on ventricular arrhythmias and further ischemic events.
The present analysis, consequently stressed the importance of BB therapy. Verapamil may represent a potential alternative, being non-inferior to atenolol in a recent RCT, however this was a prespecified sub-analysis (32). On the other hand, ivabradine, although promising in patients with HF recently failed to demonstrate any benefit for stable CAD
Limitations
Our paper has some limitations. It is a meta-analysis built on studies that present heterogeneity and it does not derive from randomized controlled trials. All included studies were observational with all potential limitations. Some of the studies were also retrospective with potential adjudication and attrition bias. Moreover, did not have data on different kind of BB, and when BB therapy was started or discontinued. Finally publication bias was low (see appendix, figure 1).
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